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The  progress  report  attached  entitled  "CcEiparison  of  Stopping 
Distance,  Towed  Vehicle,  and  Static  Methods  for  Meaam'ing  Skid  Resistance" 
has  been  authored  hy  Fred  Moavenzadeh  and  W.  H,  Goetz  of  our  staff. 

The  subject  of  the  report  is  a  reseai-ch  study  on  the  correlation 
of  three  methods  of  measuring  the  skidding  resistance  of  hi^way  pavement 
surfaces.  The  three  methods  used  \rere  "Uie  skid  test  vdiicle,  -the  Tennessee 
skid  test  trailer,  and  the  British  portable  sldd  tester.  Fivie  different 
sections  of  paveinent  vith  different  anti-skid  characteristics  were  used 
for  the  correlation  and  ir.clxided  many  of  the  bituninous  mixtures  \ialcb. 
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ment  of  mixtures  with  good  enti-sKid  characteristics. 
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^bxtroduotion 

One  of  the  nsijcr  problems  currently  confronting  the  highway 
engijneer  in  ssany  areas  is  to  construct  hi^ways  tliat  viU  exhibit 
satisfactory  anti->skid  <^iaraot eristics  for  a  reascsiable  length  of 
tiaso  All  pavement  surfaces  can  develop  adequate  skidding  resistance 
in  a  dry  state  but  many  of  them  may  be  critically  slippery  vdien  weto 

The  majority  of  the  highways  constructed  recently  have  possessed 
adequate  vet  skidding  resistance  vdien  newo  Ifofortimately,  en  many 
of  these  surfaces  this  initial  anti-skid  resistance  has  been  short'^ 
liTedo  As  a  result^  it  has  beecEoe  increasingly  impoi*tant  to  give 
soios  consideration  to  the  change  in  skidding  resistance  of  pavement 
surfaces  due  to  the  polishing  effects  of  traffic o 

Due  to  the  endless  list  of  varl&bles,  including  factors  pertaining 
to  the  aggregate,  the  binder^  traffic  and  age,  seasonal  variablssp 
and  the  condition  of  the  surface  during  testing,  the  most  appropriat* 
nsans  of  testiiig  is  field  investigation  o 

At  present  many  machines  are  being  used  for  rating  the  slipperineM 
of  FE^vament  surfaces,  and  most  of  them  are  serving  their  intended 
purpose  quite  well  since  individual  agencies  can  make  sound  Jud^sents 
on  ^e  basis  of  relative  road  sllpperlriess  values  obtained  with  their 
machines «  But  the  exchange  of  data  among  these  agencies  is  very 
difficult,  and  the  need  for  a  standard  method  is  very  obvious »  Any 
attempt  totrard  selection  of  a  standard  msthod  must  be  preceded  by  & 
correlation  between  the  e^dsting  meUiod  and  analysis  of  the  variables 
that  they  maasuroo  Among  the  most  promising  devices  aret 

1«  Stopping  distance  method 

2«  Towed  vehicle  technique,  and 

3o  Static  machines 
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la  mmmr  1961«  the  bituminous  laboratozy  used  three  pieeae  of 

•qiilpaont  to  oeasiire  the  ekid  eh&raeterlstles  of  mvoral  bitumlnoaa 

surfaces.  For  this  poxpoes  the  following  equipoant  icas  utlllzedt 

1.  The  stopping  distance  ear  of  the  i&vlLana  State  Hi^w^- 

Departoant 

2e  A  towedi-vi^iole  nachine  identified  as  ihe  Tennessee  ^cid 

Test  Trailer  from  University  of  Tennessee,  and 

3<>  A  Bxrltish  Portable  Skid  Tester  owned  by  Purdue  Uhl^rslty. 

Areas  Tested 

The  sites  tAiiah  were  seOLected  for  this  study  included  five 
different  areas  with  contrasting  anti-skid  characteristic So 

Area  I  Included  24  experis^ntal  sections  of  sand  odx  laid  in 
1959  on  the  south<-bound  lanes  of  U«  S«  52  north  of  the  Junction  with 
S.Ro  28.  The  thickness  of  the  layer  vblb  about  one>half  inch  and  the 
C(»Bposition  of  the  mix  can  be  seen  in  Table  !• 

Area  H  included  B  experlntental  sections  of  fine  sand  mix  and 
a  section  of  the  old  pavemsnt*  The  6  sections  of  the  sand  mix  were 
laid  during  the  snnner  of  i960  on  the  south-bound  lanes  of  U.  So  52 
north  of  Monroe.  Their  eompositl<»  is  presented  in  Table  Zo 

Area  lU  included  a  section  of  S«E<i  28  east  of  the  Junction 
with  Uo  So  52.  This  section  of  S.R.  28  is  surfaced  with  Kentucky 
Rock  Asphalt. 

Area  17  included  a  four  mile  stretdi  of  gravel  bituminous  concrete 
witii  approxinately  60^  coarse  aggregate  and  AO^  fine  aggregate  on  the 
north-bound  lanes  of  U.  S.  52  fk'Cia  four  to  ei^t  miles  south  of  Lafayette  < 

Area  ?  included  a  four  mile  stretch  of  gravel  bituminous  concrete 
with  appraximately  k5%  ooa]:>se  aggregate  and  55^  fii^o  aggregate  en  the 
north-bound  lanes  of  U.  S.  52  frcni  Lafayette  to  four  miles  south. 
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Equipaent  Uaad 
Stdd  Tegt  Car 

Tho  Skid  Test  car  was  a  I956  Fcrd  with  vacuitnt-operated  brakes. 
Tho  only  additional  squipaoit  00  this  ear  vas  a  speedometer  irtiich 
records  Uie  speed  vAisn  the  brakes  are  applied  and  an  odooeter  attached 
to  a  fifth  itfieelo  The  ear  was  braked  at  a  speed  close  to  30  mph  and 
the  skidding  distance  for  that  speed  was  measuredo  A  dtart  was 
available  to  correot  this  distance  to  30  nfh  speed* 
Tennessee  Skid  Test  Trailsr 

The  skid  trailer  consisted  of  a  It.  x  6  ft.  concrete  slab  mounted 
en  the  modified  Aronb-axle  assaobly  of  a  passenger  car.  The  slab 
provides  a  weight  of  approximately  835  lbs.  on  the  test  vthsel.  The 
trailer  is  connected  to  the  tcitr  truck  by  an  of  f-set  drawbar  vAiioh  is 
in  direct  aligsstent  vdth  the  center  of  the  left  eo*  inside  trailer 
wheels  Throu^  a  strain^gauge  mechanism  any  pull  exerted  on  the 
drawbar  caused  force  to  be  indicated  en  a  brush  recorder  throu^  an 
analyser.  The  test  trailer  was  pulled  by  a  two>tcn  Chevrolet  truck 
which  is  equipped  wi^  a  500  gallon  water  tank  and  a  sprinkling  bar 
so  that  a  stream  of  water  is  directed  at  the  pavement  about  2  ft  o  In 
front  of  the  skidding  >&Gelo  Ihe  operation  of  the  machine  is  fully 
automatic  so  that  once  the  control  button  is  pashed  and  the  autooatio 
cycling  msehanism  is  energized,  the  water  valve  is  opened,  and  <»ie  and 
cne-half  seconds  later  the  brake  is  automatically  applied  on  the 
trailer  and  it  held  for  slightly  under  two  seconds*  Three  such  tests 
are  eutcnatically  made.  The  speed  and  drawbar  pull  can  be  r«ui  directly 
froni  the  graph  of  the  Brush  recorder.  Trailer  tests  were  made  at 
speeds  of  10,  20,  30,  and  40  mph  in  most  cases,  and  at  50  mph  in  a  few 
cases* 
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British  Portable  Skid  Taster 

The  British  Portable  Skid  Teeter  is  a  device  developed  in  the 
Road  Research  laboratory  in  Great  Britaino  It  is  a  pendulum  type  of 
madilne,  in  vhich  a  slider  three-inches  long  and  cne-indi  vdde  takes 
the  place  of  a  skidding  tirso  The  machine  can  be  adjusted  vertically 
so  that  the  length  of  surface  that  the  slider  traverses  can  be  controlled. 
After  the  proper  adjustments  are  oade^  the  pendulum  and  a  pointer^ 
which  acts  from  the  same  axis  as  the  pendulum,  ara  cocked  in  a  horiaontal 
position*  Upon  release,  the  pendulum  carries  the  pointer  through  an 
arc  and  falls  away,  leaving  the  pointer  at  the  farthest  point  of  Uie 
are  traversed  by  the  pendulum^  At  this  point,  a  measurement  is  recorded 
from  a  direct  scale*  The  scale  is  calibrated  directly,  title  readings 
given  being  100  tlioss  the  effective  coefficient  of  friction  as  deduced 
by  equating  the  work  done  against  friction  1:^  the  slider  to  the  loss 
in  energy  of  the  pendulum  ana.  Considerable  attention  has  been  given 
to  ensuring  that  the  apparatus  will  be  quick  and  easy  to  use  on  the 
road.  The  rubber  slider  is  free  to  tilt  sideways  to  foUotf  ir> 
regularities  of  the  surface  and  is  loaded  by  an  arrangement  giving 
a  vezy  lot/  spring  rate  so  that  the  nonnal  load  en  the  surface  stays 
siUistoztially  constant  throu^out  the  svdng  even  on  vesy  rough  surfaeeso 
Eaqperlmamtal  Desifgri 

The  experiment  was  designed  to  provide  a  possibility  of  correlaticn 
of  the  three  methods  of  skid  testing.  Far  this  purpose,  at  first  the 
trailer  tester  was  used  in  all  fiv<o  areas  at  different  speeds.  At 
area  I  and  11,  the  tzsiler  neasured  the  coefficient  of  friction  of 
each  section  for  both  driving  lane  and  passing  lane  at  different  speeds 
and  in  diireotiaa  of  traffic  and  opposite  the  direction  of  traffic. 
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uhlle  in  other  areas  t^ste  ^nore  nada  only  in  the  direction  of  trafflCe 
After  the  eooipOLetlcn  of  tests  with  tho  trailer j,  the  skid  car  xas  used 
for  the  same  sections  with  the  same  directions »  Finally  the  Portable 
Skid  Tester  was  used  in  nas^ced  areas  viiere  the  test  car  had  skidded « 
Foe  each  strip  en  which  the  car  had  skidded  three  positions  were  tested^ 
two  ends  and  middle,  and  at  each  position  ten  readings  were  taken. 
Tii9  readings  ^ich  varied  mors  than  3  points  were  discarded*  At  each 
position  the  temperature  of  pavement  t^as  recorded*  To  eliminate  the 
effect  of  temperatura  on  idie  results  of  Portable  Skid  Tester,  all  the 
values  of  coefficient  of  friction  obtained  by  this  device  vqtg  corrected 
according  to  a  method  described  in  Appendix  A« 
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Tabl9  1 

Desci*iptl( 

3n  of  Secticms  Tested 

»a  I,    #17  Sand 

Sections  " 

U,  S,  52  N  of  S,R*  : 

28 

Coinposltion  (D 

esigi) 

#17 

Kineral 

Peixent 

Sec.    Noo 

Sand 

FiUer 

Asphalt 

Asphalt 

1 

100 

0 

A£-60 

6,5 

2 

IDO 

0 

AS-60 

?oO 

3 

100 

0 

A£->60 

7«5 

4 

100 

0 

A&-60 

8o0 

5 

100 

0 

AE-60 

8«5 

6 

95 

5 

AE-60 

6,5 

7 

95 

5 

AB-60 

7.0 

d 

95 

5 

AiS-60 

7.5 

9 

95 

5 

AE-60 

8aO 

10 

95 

5 

A£-60 

8.5 

U 

100 

0 

AE-90 

6.5 

12 

100 

0 

A£*90 

7o0 

13 

100 

0 

AE-90 

7o5 

U 

100 

0 

AE-90 

8o0 

^ 

100 

0 

AE-90 

8o5 

U 

95 

0 

AE-90 

6„5 

17 

95 

0 

AE-90 

7oO 

18 

95 

0 

AE-90 

7o5 

19 

95 

0 

AE-90 

8o0 

ao 

95 

0 

AE-90 

8o5 

21 

90 

10 

AB-90 

8<,5 

22 

100 

0 

AE-150 

7»5 

23 

100 

0 

AE-I^X) 

7o5 

25  Ls.  Bit.  Cone.  -  3Jid.  D-3  Spec. 
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0  T 


0.8 

c  d 

C  V 

0,  B 


0 

oox 

A 

0 

vol 

s 

'i 

■•■-•I 

t 

0 

wjl 

4 

0 

0Q£ 

2 

2? 

^ 

« 

«? 

T 

c 

e^ 

a 

^ 

«<? 

* 

i'. 

l^ 

Q£ 

0 

xu 

XX 

'X3X 

SI 

Q 

oar 

a 

0 

ooc 

u 

0 

OQI 

w 

0 

w 

ii 

0 

w 

TX 

0 

w 

ai 

0 

?^ 

w 

(J 

iv 

(S 

(tf 

oe 

X!^ 

0 

OQC 

tt 

0 

OOf 
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Table  1  (Continued) 

Area  IL.  Fine  Sand  Sect! ens  '-  U.  S«  52  N  of  Monroe 


Compositian 

-  %  (Design) 

#15 

Fine 

Mineral 

Percent 

See. 

No. 

Sand 

Sand 

Filler 

Asjtolt 

Asphalt 

1 

100 

0 

0 

AE°90 

7 

2 

95 

0 

5 

AB-90 

7 

3 

75 

25 

0 

AB-90 

7 

4 

70 

25 

5 

Ai5-90 

7 

5 

50 

50 

0 

AS-90 

& 

6 

45 

50 

5 

AB-90 

8 

7 

25 

75 

0 

AS-90 

8 

8 

20 

75 

5 

AS-90 

8 

9 

Le.  Bit.  Cone.  • 

•  Ind.  I>-3  Spec. 

Area 

Ill, 

Bock  Asphalt. 

s.a. 

28  east  of  .lunction  vdth  U.S.  52 

Natural  Kyrock 

Gravel  Bit.  Cone.  -  lid.  D-A  Spec..  U.S.  52  -  N.B.  lane 

Area  IV.   8  mie  south  of  Xafayette  - 

6056  #11  gravel-AO:C  #17  sand 

Area  V,    4  Bie  south  of  I^-fayett-s  - 

40^  #11  ;5ravel-60^  #1?  sand 
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Table  2 
Tetmessao  Skid  Test  Trailer  Reeulte 

AS&k  I 


Serlea  1  Driving  lane.  South  Bound 


Pine  Sand 


SeetloR 

MU 

es  Per  Hour 

10 

20 

Run  1 

1^  2 

¥> 

50 

I    .68 

.66 

.62 

•48 

.47 

o31 

2    ,69 

o59 

o39 

,kO 

.27 

.33 

3    ,69 

c53 

o39 

.42 

32 

.,16 

U         ,63 

o53 

»37 

*34 

.25 

..13 

5    .66 

.48 

o35 

,32 

o30 

ol7 

6    .64 

.48 

.32 

,28 

,26 

ol7 

7    o6l 

.42 

o34 

o30 

.24 

.23 

8    ,59 

.40 

o29 

.24 

o26 

o27 

9    c55 

-K1 

.41 

,33 

„3S 

^■32 

Series  U*  Passing  lane.  South  Bcund 


*ia 

10 

Miles  Per  Hour 
30 

Run  1 

Rim  2 

40 

1 

.76 

.64 

.59 

.58 

2 

.72 

.58 

.52 

c37 

3 

.77 

.57 

.55 

.54 

4 

.76 

.52 

.55 

.44 

5 

.79 

.52 

.55 

.44 

6 

*77 

.46 

.46 

o34 

7 

o79 

.57 

.52 

o39 

8 

.82 

.50 

.51 

o38 

9 

o79 

.66 

.74 

,66 

pries  HI  Driving  Lane,  Nortii  Bou^na  Series  TV  Pa8sin<;  I^smej  North  Botmd 


leetioa 

Miles  Per  Hour 

10 

20 

30   50 

.63 

.57 

c48   .34 

!     o57 

.48 

o38   .16 

1    .60 

o45 

o32   .15 

►    -57 

.43 

o30   .17 

i    .63 

o44 

.32   c23. 

►    ,57 

o45 

.28   .22 

,53 

o44 

.31   o24 

t    ,57 

,40 

.25   .24 

>    ,45 

.37 

.36   .52 

»  C-M-50 
lot  est 


Seeticn  MileaJ|er  Hour 

10*  Rim  rBm  2   30»  Run  l«*°B»i  2 


1 

c65 

o63 

.65 

.T5 

.48 

.48 

2 

.63 

.58 

.63 

.49 

.46 

.28 

3 

.63 

c57 

.63 

.43 

.39 

.26 

4 

.68 

.59 

.62 

.50 

c32 

o20 

5 

.70 

.59 

.65 

.54 

.39 

.22 

6 

.65 

.55 

.61 

.42 

o30 

o21 

7 

.68 

.58 

.65 

.42 

o41 

.21 

8 

.64 

.61 

.66 

.43 

.30 

.18 

9 

o59 

.38 

.69 

.49 

.a 

.32 

Bun  No  1  O  30  mph  in  Series  II  was  rerun  as  water  was  low 

Run  No  1  O  40  nph  in  Series  IV  was  rerun  at  a  different  chart  multiplier 
scale 


I 


-  9- 

TablB  2  (Continiwd) 
No.  17  Sand 


Series  I  Driving  Lane,  Sooth  Bound 


Serioa  II  Passing  lane.  South  Bound 


Section 

Miles  Per  Hour 

Seeticn 

Miles  Per  Ho) 

2fi 

'20 

30 

40 

Run  1 

Run  2 

Run  1 

Run  2 

ao»     30 

1 

.70 

0 

.70 

.57 

• 

»52 

1 

.71      .65 

2 

.70 

c69 

.64 

.51 

.51 

.55 

2 

.70      ,60 

3 

o68 

.74 

.70 

.52 

.46 

.54 

3 

o70      o60 

h 

.70 

o 

,68 

.48 

.43 

.45 

4 

=70      .61 

5 

.63 

.68 

,54 

.45 

.26 

o31 

5 

.73      .58 

6 

.70 

.64 

.49 

.42 

.41 

6 

.68      ,59 

7 

.68 

o62 

.45 

.36 

.39 

7 

.70      .58 

8 

.61 

o70 

o60 

.48 

.37 

.31 

8 

068      .58 

9 

.59 

o60 

o45 

.30 

o22 

.25 

9 

«68      o58 

10 

o57 

.60 

.44 

.30 

ol9 

.28 

10 

.69      .59 

11 

o71 

o70 

.56 

.59 

11 

.72      ,57 

12 

o74 

.62 

.59 

12 

.74      .57 

13 

o70 

o68 

.59 

.49 

13 

,72      060 

14 

o69 

.74 

,64 

o53 

.46 

14 

.68      ,58 

15 

.73 

,69 

.54 

.50 

15 

.73      .58 

16 

.69 

o74 

,64 

«60 

.48 

16 

.70      o59 

17 

,68 

.61 

o/fS 

.48 

17 

069     .64 

18 

.66 

o69 

.53 

o47 

.37 

18 

.65     .59 

19 

,61 

o66 

o48 

,36 

.25 

19 

.68     .45 

20 

.49 

o52 

.39 

o26 

.20 

20 

063     .44 

21 

o56 

o60 

.36 

.23 

.22 

21 

.63      o47 

22 

o68 

c70 

.55 

.34 

.34 

22 

,68      .58 

23 

o68 

.71 

o51, 

.39 

.41 

23 

068      060 

24 

> 

24 

25 

.66 

.68 

.51 

.51 

.45 

25 

.76      ,68 

*  c-M-50 

Notet     Brake  was  operating  improperly  in  several  of  these  runs. 
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Tabla  2  (Continuisd) 


AREA  ni 
K«mtuak7  Rock 


Seriss  I  East  of  UoSo  52,  Drivliig  Lanes 


TEST  HOo  MllfiS  PER  HOURj  RUMNING  TESTS 

Away  from  U.S.  52   Toward  U,So  52 
10»       20* 
1 
2 

*  C-M-50 

AiSSA  IV 
Qrarsl  BituBdiioua  Concrste 

S«sd«s  I  on  U.S.  52,  3  Bti  S.  LaFajretto,  Driving  Lane,  Storth  Bound 

TEST  MOo 


io» 

20* 

30* 

irfJ* 

30 

40 

.87 

.72 

.62 

.74   . 

o67 

o58 

.86 

c73 

.65 

.66 

o65 

o6l 

MFH  Standard  Test 

Test  No. 

Miles  Per  HouTj,  Running  Test 

10  20   30   40 

30 

1 

o58  ^42   .28   p22 

1 

o32 

2 

.56  .40   o28   .23 

2 

»34 

3 

«36 

4 

.38 

5 

.31 

6 

o35 

7 

.31 

8 

o34 

AREA  V 
Gravel  Bitimilnous  Craicrete 
Series  I,  or  U^S.  52,  4  nd  S.  LaPayette,  Driving  lane.  North  Bound 


TEST  NO.         MPH  Standard  Taat 
10  20   30   40 

1  o63  o51   .34   o25 

2  ,64  .45   .40   .30 


iSt  NOg 

Miles  Per  Hour^  Running  Test 

30 

1 

.34 

2 

•37 

3 

.30 

4 

.34 

5 

.35 

6 

.40 

7 

-37 

8 

.34 

9 

.37 

10 

.39 
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Fig.  I 
AREA  I 

No    17.  Sand 
Series  I    Driving     Lane.     South. Bound 
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Fig.  2 
AREA    I 

No  17.   Sand 
Series  31     Passing    Lane     South   Bound 
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Fig.  3 

AREA    n 
Pne   Sand 
Series  I  Driving    Lane   South    Bound 
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AREA    I 

Fine   Sand 
Series  n    Passing     Lane    South   Bound 
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AREA     H 
Fine    Sand 
Series  in    Driving    Lane     North   Bound 
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Fig.  6 

AREA    II 
Fine  Sand 


40 


50 


Series  W     Passing     Lane    North  Bound 
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Fig.  7 
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T&bla  3  (Continued) 


Area  III  Rock  Asphalt  S.Rc  28 


i     ^. 

OC 

Correeted  for 

Stopping  Dlatance 

■  Section 

Teaapo 

P.S.T. 

Average 

Ten^e 

Airerage 

Method 

Avenii 

East  Bound 

lA 

37o5 

.669 

.756 

.630 

1 

.678 

.766 

.637 

i    ^ 

37.5 

.6ae 

.775 

.645 

1    ^ 

37.0 

.67? 

.758 

o625 

1  ^ 

.671 

.762 

.628 

1      2R 

39.5j, 

.669 

.766 

0632 

1      ^^ 

40o3 

.62^ 

.726 

.645 

1   3 

M        .    ^ 

.635 

.751 

.632 

3B 

42.5 

o666 

.776 

.620 

West  Bound 

U 

40.5 

.644 

.745 

.640 

1 

•624 

.742 

.630 

IB 

43o0 

.623 

.740 

.620 

2A 

38.5 

.649 

.750 

.632 

2 

.651 

.754 

0629 

2R 

a.o 

.653 

.758 

.623 

3A 

42»0 

.651 

.761 

.652 

3 

.663 

.773 

0637 

3B 

42o0 

,676 

.786 

.622 

CJ. 


lablt  3  (Continusd) 

Area  17 

Gravel  Bituminous  Concrete 
U,Sa  52  •  North  Bound  lane 


Tempo 

Corrected  for 

Stopping  ] 

Section 

Oq 

P.S.T. 

Average 

Teaqp. 

Math( 

Trav.  Lane 

lA 

37.5 

.458 

1 

o450 

.540 

.390 

IB 

38n5 

,IM 

2k 

37-5 

-438 

2 

.445 

.520 

,376 

2B 

37.0 

«452 

Passt,  Lane 

lA 

38,5 

.499 

1 

,492 

.585 

«494 

IB 

38.7 

^UB6 

2A 

39o2 

,451 

2 

*450 

.542 

.470 

2B 

39.5 

*449 

Area  V 

Gravel  Bituminous  Concrete 
U.S«  52^  North  Bound  Lane 


Section 

Temp„ 
«C 

P,S»T« 

Avsrai 

Travo  Lane 

U 
1 

IB 

36,2 
37,7 

.478 
.456 

.467 

2   2A 

Rase,  lane 
U 

38.3 
37.5 

.507 
.499 

.507 

1 

IB 
2A 

2 

38,0 
38.1 

.502 

.525 

.501 
.510 

Corrected  for   Stepping  Distance 
Temp,  Method 


,552 
.597 

.590 
•600 


,465 
.478 

.494 
.487 


2B   38.1 


.495 
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Sand  No   17 
South    Bound     Lanes 
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RssTjlta 

Tlie  results  obtained  from  the  trailer  tests  are  presented  in 
tabular  fona  In  Table  (2),  For  each  area  coeffici^it  of  friction  is 
jxLotted  versus  the  speed  in  Figure  (1)  thro\igh  Figure  (7)o 

The  actual  rasasured  values  of  coefficient  of  friction  by  the 
Portable  Skid  Tester,  and  their  corrected  values  for  temperatiire  at 
20®Ce  asro  presented  in  Table  (3)  along  with  the  values  obtained  farom 
the  Stopping  Dtlatanae  method.  Figures  (8)  throu^  (10)  present  the 
results  of  PoSpT*  aad  S<,DoM»  for  passing  and  travelling  lanes  for 
different  sections  of  five  ar^So 

Gmclusicsis 

From  Figure  (1)  throu^  Figure  (7)  it  is  obvious  that  coefficient 
of  fricticn  for  almost  all  of  the  sections  decreases  as  speed  increases^ 
Kouaver^  there  could  not  be  established  a  correlation  between  the 
trailer  inethod  and  otherso  A  statistical  analysis  of  variances  is 
presented  in  Appendix  B  triiich  ^.oks  at  area  II  the  values  obtained  by 
the  tndlor  aathod  are  not  slg^iiflcantly  differ^it  within  95$  of 
confideDce  lisiits  for  eight  different  sections  in  that  areao  In 
other  trords  the  trailer,  especially  at  high  speed,  could  not  detect 
a  3i0iificant  difference  between  different  sections  of  area  Ho 
This  analyaie  could  not  be  carried  out  for  ^her  areas  due  to  the 
lack  of  data.  The  excess  heat  produced  at  the  brakes  caused  dis- 
continuance of  tests  by  the  trailer  at  area  I  for  hi^  speeds  o 

Comparing  ^e  results  obtained  by  the  Portable  Skid  Tester  and 
the  stopping  distance  method.  Figures  (8}  through  (U)  show  that 
althou^  the  values  for  coefficient  of  fricticsi  for  each  section  are 
different  by  each  method,  they  both  prodxuxe  results  with  the  same 
trendo  In  other  words,  for  sections  csi  which  high  values  of  friction 
^lave  been  indicated  by  tee  Portable  Skid  Tester  the  stopping  distance 
Uochod  gave  high  values  alsoo 
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APPENDIX  A 


■=  28  =. 

EFFSCT  OF  TEMEERAIUSE  ON  COEFFICIENT  OF  FRXCTIO* 
OBTAINED  BY  P0RX4BI£  SKID  TESTER 

Ouo?ins  t.h«  t«8t.e  «5.th  the  Portable  Skid  Tester  it  v&b  noticed 
that  at  differmt  tonparaturss  different  values  were  obtained  for 
coefficient  of  friction  of  the  same  sectioao  Therefore^  it  las 
felt  necessaiy  to  obtain  a  coz^^ction  factor  for  tljis  variaticuo 
Because  most  of  the  change  was  caused  by  change  in  resilience  (hysteresis 
losses)  of  the  rubber  with  change  in  temperature  and  with  sooie  change 
of  surface  properties^  it  was  decided  to  zoake  test  sasiples  frcm  a  few 
types  of  pavffisent  and  under  controlled  conditions  measure  the  effect 
of  temperaturee  For  this  purpose  three  specimens  8  x  8"  were  asEule 
frcm  representative  samples  of  three  secticxns*  Then  all  the  specimens 
and  the  Portable  3cid  Tester  were  set  in  a  ccaistant  temperature  room 
and  the  tsaperature  dianged  about  5*^0  evexy  24  hours »  T&ble  (4)  shows 
the  results  of  this  tssto  Coefficient  of  friction  values  djtained  at 
different  temperature  for  different  samples  are  plotted  against  the 
temperatuire  in  Figure  (12).  It  was  toand  that  all  three  ciurves  for 
temperatures  between  10%  to  50^  were  vezy  close  to  a  straight  linop 
The  equation  of  this  straight  |»>rticn  was  obtained  ass 

■*•   aoo 

v^ero 

f  -  is  coefficient  of  f ilcticn  ©  T«C 
and 

f 3^  -  is  coefficient  of  fricticsi  ®  Ti*'C 


W$/UUh   tOM   ft 


•tua  9W*t  "8  X  ft  (UMKt9«qa  •<»ikU  oe 


i^  r»"***  ( ."^ 


,»^ 
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To  change  ail  ^ralues  to  a  certain  temperature^  20*^0  was  selectod 
aa  a  basd  temperature;  the  correction  fonsula  is  thent 

^Qils  equation  uae  used  to  correct  all  of  the  Portable  Sdd  Tdster 
-valuas  obtained  lii  the  field  at  different  temperatures  to  a  comnon 
tcaperatTireo 
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Table  4 


Variaticai  of  Coefficient  of  Friction 
With  Temperature  for  Portable  Skid  Tester 


Tempsrature 

Sand  #17 
7  1/2$  AE-60 
A 

Fine  Sand 
B 

■ 
Sand  #17 

7  ay2js  AE-90 

oc 

41o7 

o593 

.601 

.531 

36.5 

.637 

.650 

.551 

28.5 

0652 

.670 

o570 

25.5 

0633 

.698 

.600 

17o8 

.712 

o728 

.625 

13«5 

.742 

o750 

.648 

608 

.798 

08O2 

.695 

Zc5 

.849 

.850 

.745 

-ti- 

^v«~ 

«t. 

Mi 

wt. 

OTd. 

QOd. 

ao.i. 

IIW. 

.?<:o. 

Si?. 

aM. 

'^v. 

s^. 

?ed. 

soa. 

•?? 

c\ 

_^  -  ^ 

?4ie 

-  31  - 


00 
Li- 


O  00  h-  <o  *^'> 

•  .  *  •  • 


32 


."51^    = 


APPENDIX  B 


•■■A 


=  33  => 
Serlec  I    Driving  Lane,  South  Bound 


,  .-^^. 

i 

^ 

1 

1 

9dV 

- 

2 

3     1      4 

5 

6 

7 

8 

10 

.68 

.69 

.69        .63 

.66 

.64 

.61 

.59 

5.19 

26.936 

3.367 

^ 

,66 

.59 

.53        .53 

.48 

.48 

.42 

.40 

4.09 

16,728 

2.091 

30  and 

.4B 

o40 

.42 

.34 

,32 

.28 

.30 

,24 

2.78 

7.728 

.996 

40 

.47 

.27 

.32 

.25 

.30 

.26 

.24 

.26 

2.37 

5.617 

.702 

50 

«.31 

ol3 

.16 

.13 

•17 

.17 

.23 

.27 

lo57 

2.465 

.308 

2«60 

2oOS 

2.12 

i.ea 

1.93 

1.83 

1.80 

1.76 

16.00 

256.00 

6«76      4=326 
1.372      ,865 

4.494 

3o53^ 

3.725 

3c?^.V 

3.240 

3.098 

6.400 

.6991    -707 

.745 

-67 

.608 

«619 

Coluon  mm  of  squares  ■  6.485  -  6.4  "  .085 
Row  sum  of  squares  -  7.434  -  6.4  "  1.034 
Total  s\m  of  squares  •  7»6ll  -  6.4  •  1.211 


L» 


Source 


Speeds 

Residual 

Total 


de     f  o 


7 

4 

28 

39 


s.  s. 


.085 
1.034 
1.092 
1.211 


S.  M.  S< 


.0121 

.2585 
.0033 


V  <-o 


F 


3«67 


F    (7,  28)  -  2.78 

«Q5 


3.67>2o78    si^if leant 

P    -    ^^  -  78.33        not  significant 
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Series  II  Passing  Lane«  South  Bound 


loi 

1 

2 

3 

4 

5 

6 

7 

6 

X 

o76 

.72 

.77 

o76 

.79 

.77 

.79 

*82 

6.18 

38.192 

4.774 

n 

.59 

.52 

.55 

.55 

.55 

•46 

.52 

.51 

4.25 

18,062 

2.258 

.58 

o37 

.54 

.44 

o44 

.34 

.39 

.38 

3.48 

12.110 

1.514 

lo93 

1.61 

1.86 

1.75 

1.78 

1.57 

1.70 

1.71 

13.91 

3.725 

2.592 

3.459 

3.062 

3.168 

2,465 

2.890 

2.924 

193.488 

x.2a 

«86i. 

1.153 

1,020 

1.056 

.823. 

.963 

.975 

Column  sua  of  squares  «  8.093  -  8.062  «  .031 
Sow  sum  of  squares  "  8,546  -  8.062  «  .484 
Total  Sim  of  squares  •  8.612  -  8^062  «  .550 


P(05)  (7,  14)  -  2.76 


1.76  2o76  not  significant 


F  „  (2,  W)  -  23.74 
96  o  8  ^3  o  74  significant 


Source 

d.  f. 

S.  S. 

S*  H,  So 

i 

Sscl^icns 
Sp&od8 
Residual 
Total 

7 
2 

U 
23 

.031 
.484 
.035 
o550 

.0044 
o242 

.0025 

1 

V  4-° 

F  ^  A 

0 

^  -  lo76 

n  'j      •  H 
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II    Driving  Laxit!,  ivorth  BouKid 


jMPH   X 

1 

2 

3 

• 

6 

7 

3 

Totfcl 

(rti)^ 

.   ID 

.63 

»57 

c60 

.57 

o63 

o57 

o53 

o57 

4.67 

2I08I 

! 
2.726 

j   20 

.57 

,48 

»45 

.43 

.44 

.45 

.44 

.40 

3.66 

13o39 

1.6?4 

3C 

,48 

*33 

,.32 

.30 

«32 

.2a 

.31 

»25 

2o64 

6o97 

c,871 

50 

«34 

.16 

ol5 

a7 

o21 

c22 

.24 

.24 

lo73 

2o99 

o374 

1  Total  Ci 

2,02 

1.59 

1«52 

1.47 

1.60 

1.52 

lo52 

Lo46 

12o7 

4.08 

2.53 

2c31 

2.16 

2«56 

2,31 

2.31 

2.13 

Wlo29 

1 

1.02 

.6.?25 

c57?5 

■ 

o54 

.64 

«5775 

.5775 

.5257 

^-5o04 
N 

S^  (r  ^2      «2 

Colusai  sum  of  aqt^aros  "  X.  ^^      ~"  ^ 


t 

5     r 


N 


Row  Bum  of  aquares  «     X-     q  "|p 


5.08  -  5^04  -  604 


5.645  -  5.04  -  .605 


Rssldual  s'iSu  of  squares  ■»  JT  sT    ' 

r      c  _      _2 

•^r*."l  r.^.  cf  2quars8  =  n    51  x^  -  %- 

J.      j  iJ       N 


c..^2 
r. 


i 


5c.7336  -  5cOU  »  06936 


"•--  -r- 

do  f  e 

S.  3o 

£io  Mo  So 

'  '     '  " 

Sz    slCSlB 

S    ids 
dual 

7 

3 

21 

31 

0O4O 
0605 
0O49 
.694 

,0057 

.2017 
.0023 

.2 


Hi  R'*  •  0 

O  '^A 


p  -  U  -  2.47 
27 

^,05  (7^  21)  "  ^-^^ 

2.47 ^2o49        Variation  not  sigiificaat 


o  *«(, 


F  «  "^17     «    94.34 
^       .0023 


"005  (3,  21}  -  3-W 


v4o34>3»^7      Variatia-i  significant 


I 

I 


-   .:\C ^    -    •;>"-.' 


ca 

36  = 

Sssles  IV 

Passing  lens,  . 

South  Bound 

\ 

,'i 

4 

5 

6 

7 

8 

,   o05 

o63    .63 

.68 

.70 

.65 

,68 

.64 

5.26 

27.668 

3./"'^ 

;   1   ,65 

,6'?    .63 

.62 

.65 

.61 

.66 

.66 

5.11 

26,112 

3.-i  . 

.43 

.50 

.54 

.42 

o42 

.43 

3.78 

H.238 

1.786  1 

o39 

c32 

o39 

.30 

.41 

o30 

3.03 

9.181 

1.148 

1 

2     2.08 

A.'j2 

2.23 

1.98 

2.17 

2,03 

17oie 

U^SBit      4o326 

4.494 

5ol98 

3.920 

4.709 

4.121 

295.152 

2 

i  ^•°-'-- 

1  1*221   1.081 

1.123 

1.299 

.980 

1.177 

1.030 

9.223 

-r   ^'^-^^ 

ColuniR  fiua  of  squares  ••  9-245  -  9.223  -  o022 
Raf  stsffi  of  squaz^s  "  9.656  -  9*223  ■  0.433 
To:;al  3uni  of  aqiiares  "  9.714  -  9.223  =  0.491 


Source 


Sections 
Spedds 
Residual 
Total 


d«  ?• 


7 
3 

21 

31 


s.  s. 


•022 

.433 
.058 

.491 


£.  M.  S. 


.0031 
.1443 

.0(328 


g;  =0 


^-    ?2'=-2^- 1-107 


P  Q^  (7,  21)    »  2.49    1.107<2.49  not  significant 


s>o 


P^-J^^  «  51.53      51.53>3.07    eigpificant 


o..:,i 


it  ■■^«.:       ^ 


